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(54) Method for instalDng a scrolled resiBent sheet alongside the Inner surface of a fluid conduit 

(57) A ecroned resifient sheet (3) is instafled against 
theinner Rfftece (4) of a fhid conduit (1) using a carrier 
tod (5) from whictt a resifient siieet hay^ an average 
thickness more than 2 mm and an elastic or pseudoe- 
lastic recoverable strain of at least 0.6% is released so 
that ttie sheet e)7>arvte with an expansion torse \Mrhich is 
suTicientty high to aHcw the sheet to press ifeseH into 
place alongside the inner sulace of the corviuH and to 
remain m place after installation. 
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Description 



n 



[0001] The inventksn relates to a methoJ tor inst^ 
a ecroOed resifient sheet alongside the inner surface of 
afluidoonduit. 

[0002] It is known from US patent specifications 
4^1 :SZ7 and 5.040^ to scroO a sheet around a car- 
rier tool and then mora earner tool canning the 
scroQed sheet through the conduit torvaixts a location 
where the resifient sheet is to tw installed, whereupon 
the sheet Is released from the canier tod and allowed to 
expand towards the inner surface of the conduit 
(OOOq US patent speciication 5.040^ enpioys a 
sheet made of a menvxy metal which eDq>and5 as a 
result of a ternperature increaBe. A dkaMteck of this 
method is that memory metals are eoq)ensitfe and are 
not readay ovailatsle in large sheetSw 
I0OO4 US patent specrfication 4,501 ,327 discloses 
the use of spring steel or alurninium as a resilient rnate- 
rial. wNch materials have an elastic strain which is 
0.55% or less (0^ for aluminium) and that a suitotile 
ttidmss tor the sheet material is approximately 3/64 
inch (• 1.2 nrni). 

(OOOSl In this known method the resient material is 
pressed against the wan of the corxiuit when the carrier 
tod is pulled k>ack through the ei^anded sheet. 
[0006] Drawt)acks of this Imwn method are that a rel- 
atively thin sheet material is used which can t>e easily 
damaged and which has a resifierK:y which is on!y suffi- 
cient to unscrdl the sheet but which does not induce the 
sheet to press itseH into place atongside the inner wan 
of the conduH so that a final pressing step is stiQ 
required. 

[0007] K is t>etieved that the tow wan thickness of the 
known aluminium or spring sted sheets and the rela- 
tively tow expanston force are associated with the tow 
elastic strain capacity of the materials used. 
[0008] It is an object of the present inventran to efimi- 
nate these drBwt)acks and to provide a method tor 
instalfing a scrolled resdient sheet atongside the inner 
suttee of a fluid conduit which afiows tfie use of a rela- 
tively thtok and robust sheet which is not easily darrv 
aged after installation and which does not require the 
step d pressing the sheet atongside the wall of ttie con- 
duit by means of an e)9ansion tod. 



lation arvJ to remain in place after installation. 
[0010] When used inthis specification the term elastic 
strain refers to the yieid stress-Xbung's modulus ratio for 
materials which have a yiekJ point B^e many carton 

5 steels have, or tt^ prod stress->bung's modulus ratto 
for materials which do not have a yield point If the elas- 
tic strain is expressed as a percentage then said ratio's 
are to be nnittiplied by a factor of 1 00. 
[0011] Preferably the resifient sheet has an average 

10 wall tfBcknessd at least 3 mm and is made da titanium 
altoy having an elastic nxxMus nd more than 115.000 
MPa and a proof stress of at least 825 MPa. so that the 

elastic strain is more than 0.75%. 
[00121 It 's also prefenred that the rest&ent sheet mate- 
is rial has an average waD thictoiess of at least 4 mm and 
is made of a T1-6AI-4V altoy. 
[0013] The sheet may be a rectangular she^ without 
perforations wfvch Is used to pnwide a seal or a patch d 
an area wtiere the waB d the conduit has t>een rup- 
20 tured, damaged or eroded. Alternatively the fluid oorv 
duK is formed by an inftow region d a l^ocarbon 
production well and the sheet is pertorated at regular 
intends and is installed alongside the inner surface of 
the welbore to serve as a wellsaeen. 
26 [0014] If the sheet is to be scrolled to a very small 
diameter, for exanple if it is to be moved through corv 
strictions in the conduit then it can be benefida] to use 
a pseudoelastic aHoy as sheet material. Suitable pseu- 
dodastic afioys are Ti-16V-3AI-6Zr and TiNt. 

30 

tWfrf PffifTfriCtigP Drawtnos 

[0015] These and furtf^er features, objects and advan- 
tages d the method according to the invention wiH be 
35 more fuHy appreciated by reference to the foHowing 
detailed description d a preferred errixxfiment d the 
invention which should be read in conjunction with the 
aooonfianying drawings in which: 



SufTwnarv of the 



[0009] Toward providing these and other advantages 
the mettwd according to the present invention enploys 
a resilient sheet which has an average wan thickness d 
at least 2 mm and an elastic or pseudoelastic recovera- 
ble strain d at least 0.6% so as to induce the scrolled 
sheet to expand with an expansion kvce wtvch is suffi- 
dentiy high to allow the sheet to press itself into place 
along^ethe inner surface of the conduit during instal- 
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Fig. 1 is a schematic side elevational view da resil- 
ient Sheet which is being placed Instoe a condwt in 
the form d a vertical underground borehde; and 
rng. 2 is a side viewd an unscroOed resiEenl sheet 
which comprises ctrcunferiential slots so that the 
Sheet can be used as a wellsaeea 



DeteHfld Desc ription d tha Preferred Ei 



[0O16] ReferringnowtoFig.1 there is Shown a vertical 
so welbore 1 traversing an underground formation 2 arxt a 
resifient sheet 3 which Is unsodfing rtsdf against the 
wall 4 d the welbore 1. 

[0017] The sheet 3 has been towered into the welbore 
1 using a carrier tod 5 wftich is suspended on a wire&ie 

55 6. 

[001 8] The canier tod 5 and wirefine 6 are shewn in 
the drawing in dotted fines. 

(001 9] Betore towering the canier tod 5 into the weH- 
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tere 1 the sheet 3 is saoDed around the tool 5 and fixed 
to the tool 5 using tack welds and/br dips. When the tool 
has arrived at the location where the sheet 3 is to t)e 
installed the tack wM& andfor c^ are reiaased. for 
exarrple using explosive devices nvtiich shear off the 5 
* tack welds and/tor dips. 

[0020] The resiG^ sheet 3 has a thickness of at least 
2 mm and an elastic strain of at least 0.6% which allGws 
the sheet to develop a high expansion force so that it 
ej^nnds and presses itself into place against the waO 4 10 
of the weObore 1 and to remain ^ place after instaDafion 
even If the pore pressure of the surrounding formation 2 
is higher than the fluid pressure witMn the welfoore 1. 
[0021] When seen in drcumterenlial direction, the 
ends of the resiient sheet 3 form flaps 7 where the is 
sheet 3 has a reduced wsB thidross. The circumferen- 
tial lengm of the sheet 3 win be chosen sfightty laiger 
than the drcunferenoe cf ffie wafl 4 of the weObore 1 
such that the ftapa 7 will at least partly overlap if the 
resilient sheet 3 has been eoqMmdedagidnst said wan 4. 20 
Thus the flaps 7 wil aeate a shut-off for leate and win 
aeate a smooth and almost seamless internal bore of 
the ei^Mmded sheet 3. To brprove the sealing a further 
sleeve (not shown) of cellular rubber may be placed out- 
side the outer flap 7. This sleeve shoiid be bonded 25 
along an axial fine, but not around the drcumferenoe of 
the flap 7. TNe is because the rubber has to stretd) on 
unscrdBng, and must therefore slide over the flap 7 
which does not stretch. The interface may be lubricated. 
(0022] lntheassennlaiyshowninFig.ltheflap6 7are so 
not taken into aooount for determinalion of the average 
wall thick n e ss of the sheet 3. In accor dan ce with the 
iwention the average wall t hi ctows s of the sheet 3 is at 
least 2 mm whereas the waB thidoiess of the flaps 7 
may be less than 2 mm. Thus, when used in this sped- ss 
fication. the term average wall thtetaiess of the sheet 
derates the waD thkioiess of any parts of the sheet 3 
other than the flaps 7 and tocalions where the sheet 3 is 
perforated. 

[Q023] The masdnum average waO thideies s T of a 40 
sheet 3 that wil filly elastically unscroO can be esti- 
mated on the basis of the formula: 

TAd-TyD<Y/E 

4S 

wt^e: 

d - the scrolled (fiameter of the sheet 
Da the relaxed diameter of the sheet 
Y- the yield a proof stress of the sheet material; so 
and 

E B the elastic modulus of the sheet material. 

[0024] Byvirtueof its high elastic strain, viz. at least 
0.6% resulting from the oonfoinatfon of low elastic or 55 
VbungTs modulus (preferably not more than 115.000 
MPa) and high proof stress (preferably at least 825 
MPa) the sheet acoorcfing to the invention can have 



larger waO thickness than conventional resilients 
sheets. Titanium alloys having an elastic modulus less 
thani 50.000 MPa are particularly suitable fDr use in the 
Sheet acoorcfing to the inventioa A Ti alloy grade 5 
sheet having an average wall thidoiess of 4 mm can t>e 
used for a r (1 7.5 mm) casing repair. A rh22 aBoy 
sheet having an elastic modulus of 82 MPa and thermo- 
mechanicaDy processed to achiM a proof stress of 720 
MPa or greater can be used for the same repair witii an 
average wan thickness of 5 nm 
[0025] Further, some nietastable beta-titanium aSoys 
such as Ti-16V^AI-6Zr with appropriate thermome- 
chanical pr o ce s s in g exhfoit pseudoelas M dty to an 
extent that would permit an average waB Ihidqies s 
between 1 1 and 13 mm. Tmi would permit even greater 
wafl thidviess. These pseudoelastic aBoya can also be 
used to permit scrolling to a smaller dkuneter when the 
sheet has an average wan thidoiess of several miBime- 
tres to allow installation through constrictions, such as 
through^tUblng operations in an oB or gas production 
weU. 

100261 The laige average waB thickness of ttie sheet 3 
is not only useful for creating a robust scroH but also tor 
enhancing the spring force with which the sheet 3 
unscrdls and presses itself against ttie wall 4 of tiie 
welborel. 

10027] Referring now to fHg. 2 there is shown a view 
of an unscroBed sheet aooonfing to tiie invention where 
tfte sheet forms a weB saeen 10 which contains elon- 
gate drcumtorential stots 11 that are arranged in sub- 
stantially parallel rows botti axiafly and ctrcumforentially 
across ttie screen 10. witti ro stagger between tiie rows 
of stols. The peribrstions are also tapered (not shown) 
in radial direction so tiial the smallest widtii of ttie perfb- 
rations is tocated at ttie outer surface of ttie sheet when 
ttie sheet is scroBed. 

10028] The tapered shaped ttie slots 11 serves to 
avoid ttiat sand partides which may enter ttie dots 1 1 
could become stuck partway in the dots 1 1 . 
10029] Circumferential unstaggered dots 11 are pre- 
ferred to hdes or non^cumferentid dots because ttie 
operation of scroOing and unscrdUng can be periormed 
wtth minimal stress concentrations in ttie screen mate- 
rial, while retaining maximum spring force, strengtti and 
bUf bless. 

I0O3O] The srrdled wdlsoreen shown in Fig. 2 can 
also t>e covered, preferably at ttie outer surface, witti fil- 
ter material. Optionally ttie titer material can be sepa- 
rated from ttie suri^ of ttie saeen 10 by a drainage 
layer, for example coarse woven wire, so that the fluid 
passing ttvough ttie filter layer not immecfiate opposite a 
dot 11 in ttie scrdl can flow to the slot 11 ttvoughttie 
drainage layer. 

[0O31] The filter and drainage layers can be made of 
scrdled sheets of fitter and drainage material which sur- 
round the screen 1 0. The sheets of ttie screen 1 0 and of 
ttie filter and drainage layers can be prcMded witti end 
flaps where ttie sheet has reduced ttiidaiess in ttie 
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same way as shown in Rg. 1 in order to aeate a seam- 
less screen when the assembly of the saeen 10 and 
surroividing fOter and drainage layers unscrofls its^ 
against the weObore or pertorated production liner. The 
weOscrew can thus press itseH directly against the well- 
t)ora or perlorated production liner, without an interven- 
ing annuhjs, thus obviating the need for gravel packing, 
thereby reducing the risk of erosion and stabdizing ttie 
formation. 

10032] If desired, the overlapping ends of the sheet or 
screen may be mainlBined in a fixed position relative to 
each other once the sheet has been expanded and 
installed witNn the oondwt or welbore. This may be 
achieved by wekfing or bondmg the ends to each other, 
or ty provKfing the overlapping ends with axial locking 
grooves or with ratchet prof ies that allow imsaoOing but 
prevent r»«croling of the aheet or screen. 

Claims 

1. A method for Instafling a saoOed resilient sheet 
alongside the inner sulace of a fluid oondut. the 
method comprising the steps of : 

• saoOing the resSiem sheet and securing the 
scroBed sheet to a carrier tool such that the 
canrier tool canning the scroBed sheet can be 
moved through itie conduit 

• moving the carrier tool to a location In the con- 
duit where the resifient sheet is to be instafied; 
and 

- releasing the resflient sheet from the carrier 
tool thereby allowing the resilient sheet to 
eoqMnd tOMMuds the inner surface of tfte con- 
duit 



vals and is installed alongside the inner surface of 
the weltx>re to serve as a weOscreen. 

5. The method of daim 4. wherein the perforations 
5 oonsi^ of elongate circumferential slots wtiich are 
arranged in substantiaDy paraOel rows both axiaDy 
and circumferentiaDy across the sheet, with no 
Stagger between the rows of slots. 

10 6. The method of daim 4. wherein the perforations are 
tapered in racfial cfirection such that the smallest 
width of the perforations is located at the outer sur- 
face of the scrolled resifient sheet 

15 7. Themethodof daim 1. wherein the resffient sheet 
has a thickness of at least 5 mm and is made of a 
pseudoelasticaBoy. 

8. The method of daim 7. wherein the aDoy is solution- 
20 treated Ti-16V-3Ak6Zr. 

9. The method of daim 7. wherein the alloy is TihTt. 
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wherein the resilient sheet has an average wall 
tHd«ie880fatlea8t2mmandan elastic strain a a 
pseudoelastic recoverable strain of at least 0.6% so 
as to induce the sorofled sheet to eDq;>and with an 40 
mpansfoo force wt>k:h is sufTictentty high to aflow 
tfte sheet to press itseH ffito place alongside the 
inner surface of tfie conduit during installatton and 
to remain in place after installatkin. 

45 

2. The mettwd of daim 1, wherein the resilient sheet 
has an average wafi thidoiess of at least 3 mm and 
is made of a titanium aitoy having an elastic modu- 
lus not more than 1 15.000 MPa and a proof stress 
of at least 825 MP& bo 



3. The method of daim 2, wtierein the resilient sheet 
nraterial has an average wall thickness of at least 4 
mm and is made of a ri-6AI-4V alloy. 

4. The method of daim 1 . wherein the fluid conduit is 
formed t>y an inflow region of hydrocaibon procfcic- 
tton well and the Sheet is perforated at regular inter- 
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